The Taro and Ticino rivers were sampled (maximum 15 cm depth) for nematodes during 1 year at three sites for each river and some ecological parameters were measured. The yearly mean abundance of nematodes in the river Taro was 23 individuals/ 10 cm 2 and in the river Ticino 79 individuals/10 cm 2 . In the two rivers five to 15 and three to ten species, respectively, were found. The highest station (Taro 1) of the river Taro was significantly different from all the other Taro and Ticino stations both for number and species composition: bacterial feeders were the dominant group in Taro 1 (mean Maturity Index (MI) was 2.25), whereas unicellular eukaryote feeders dominated the other Taro and Ticino sites (mean MI of 2.85). Chromadorina bioculata was the most common species in both rivers, except at Taro 1, where Eumonhystera dispar dominated. Significant correlations were found between conductivity and unicellular eukaryote feeders and bacterial feeders. For the first time the Distinctness Index + is used for freshwater nematodes. Comparing our communities with other Italian rivers (data taken from the literature), we detected significant differences between polluted and not polluted habitats.
In recent years the importance of meiofauna communities, and, in particular, of nematodes in running waters, has been established by many researchers (Robertson, 2000; Traunspurger, 2000; Beier & Traunspurger, 2003a, b) . Compared with other benthic organisms, relatively few studies have been carried out on freshwater nematodes (Traunspurger, 2002) .
Nematodes are common in very different habitats; they occur in all substrata and sediment types and in all climatic zones (Giere, 1993) . They have both interstitial and burrowing representatives and regularly dominate the meiofaunal communities of both lentic and lotic habitats (Anderson, 1992; Traunspurger, 1996a, b) . Their importance to trophic dynamics and to nutrient recycling in freshwater ecosystems is well recognised (Montagna, 1984; Traunspurger et al., 1997) . In fact, nematodes are important in the remineralisation processes in the sediment by reworking the detritus and enhancing the recycling of organic matter (Gerlach, 1978; Freckman, 1982; Kirstensen, 1988) .
In fresh water, studies of the interactions between nematodes and bacteria are scarce (Schiemer et al., 1980; Schiemer, 1982) but Traunspurger et al. (1997) show that the activity of bacteria was positively correlated with the presence of nematodes. Nematodes even constitute a con- * Corresponding author, e-mail: aldo.zullini@unimib.it siderable contribution as a food source for organisms of higher trophic levels like young fishes or macrobenthos (Coull et al., 1995; Beier et al., 2004) . In marine environments it has been suggested that meiofauna play a significant role in the trophic linkage between bacteria and macrobenthic animals but there is still a contrasting contention that meiobenthos compete with macrobenthos for resources (McIntyre, 1969; Kuipers et al., 1981) .
Our knowledge of the species diversity, abundance and distribution of nematodes in lotic habitats is very scarce compared with marine habitats and lakes. In general, nematodes are one of the most abundant and speciesrich group of metazoan organisms in freshwater habitats (Zullini & Ricci, 1980; Traunspurger, 1996a Traunspurger, , b, 2000 Traunspurger, , 2002 Jordan et al., 1999) .
The usefulness of nematodes in biomonitoring studies of lotic habitats was shown by several researches (Bongers & Van de Haar, 1990; Ocaña & Picazo, 1991) . In order to assess the degree of aquatic pollution by interpreting nematodes communities, the species composition, the relative abundance of the, then, two classes Secernentea and Adenophorea (Zullini, 1976) , the Maturity Index and diversity and dominance patterns have been used (Bongers & Ferris, 1999; Bazzanti, 2000) . Those studies showed that, in unpolluted sites, species of the orders Chromadorida, Monhysterida, Enoplida and Dorylaimida dominated; by contrast, in polluted situations families of the order Rhabditida were more abundant (Hirschmann, 1952; Zullini & Ricci, 1980; Eder & Kirchengast, 1982; Niemann et al., 1996; Beier &Traunspurger, 2003a, b) .
The purpose of this paper is to provide basic information (nematodes species composition and their temporal distributions over 1 year, feeding types, and biodiversity indices) about the nematodes communities of two Italian rivers.
Materials and methods
Two rivers of different hydrological conditions were studied: a right (Ticino) and the other a left (Taro) tributary of the river Po. The river Taro, 130 km long, rises in the Northern Apennines (Penna Mountain). Three stretches of the river were selected, representative of different ecological situations. At station 1 (44
• 30 N, 9
• 39 E), near the village of Compiano, this river flows slowly over a limestone bed. At station 2, near the village of Case Nicola, about 40 km downstream (44 • 34 N, 9
• 55 E), it flows in a deep valley in a bed of boulders and large cobbles. Station 3 (44
• 48 N, 10
• 11 E), upstream of the town of Parma, has a sandy bottom and artificial stones on the riverbed for flood protection.
The river Ticino, 280 km long, is a left tributary of the river Po. It rises in the St Gotthard massif in Switzerland, it enters and comes out the Lake Maggiore and, after 100 km, it joins the Po a few km downstream of Pavia. A large part of the area bordering this river downstream of the lake is protected by two Regional Parks (total surface = 969 km 2 ) including several wetlands. (U -test) . At each location, and for each sample, four replicates (about 2-3 m apart) to provide the 200 ml sample of the uppermost 15 cm of the sediment were taken using a manual shovel, and preserved in 5% formalin.
The nematodes were extracted using Ludox TM-50 according to the method of Pfannkuche and Thiel (1988) . The samples were sieved through a net with a mesh size of 35 µm and all nematodes were isolated under a stereoscopic microscope (25× magnification). Nematodes were transferred to glycerin solution (Seinhorst, 1962) , mounted on slides and identified to species level following the De Ley and Blaxter (2004) systematics. The abundance (individuals/200 ml sediment) of each species was quantified, as well the feeding-type (Yeates et al., 1993; Moens et al., 2004) . The following biodiversity measures were used: Margalef species richness (d), Simpson's dominance index (λ), Shannon's diversity index (H ) calculated on base e, Hill's diversity index (N 1 ), and Pielou's evenness (J). For ecotoxicological studies, the percentage of Rhabditida (R) (Zullini, 1976) and the Maturity Index (MI) (Bongers, 1990) are also given. The values of R and MI were calculated excluding the order Tylenchomorpha and the family Mermithidae because their scarce value as bioindicators (Bongers, 1999) . The Maturity Index was calculated both including (MI) and excluding (MI 2-5) cp-1 nematodes (Bongers & Ferris, 1999) . Significance tests of differences between nematodes density among sampling dates, both in the Taro and the Ticino, were carried out with ANOVA-test and Duncan's multiple range test. Differences in nematode community, between the two rivers, were tested by using the t-test if the data were normally distributed, otherwise we used the U -test. The nematode abundance, MI and the biodiversity measures were correlated with the abiotic variables using Spearman rank correlation coefficient. Statistical analyses were conducted using the program Statgraphics Plus 5.1.
The nematode communities of different Italian rivers were compared with those of the Taro and Ticino rivers using the taxonomic distinctness index ( + ) (Clarke & Warwick, 1998) . The total species list of freshwater nematodes for Italy is 219 (Minelli et al., 1995) . These were classified into genera, families, suborders, orders, subclasses and classes according to De Ley and Blaxter (2004) . We examined data from the rivers Oglio (Andrássy, 1971 ), Adige (Andrássy, 1959 (Andrássy, , 1962 , Po (Zullini, 1974) , Lambro (Zullini, 1988) , and Seveso (Zullini, 1976) . For the rivers Lambro and Seveso, we considered the unpolluted sites (Seveso U and Lambro U), the polluted sites (Lambro P and Seveso P) and very polluted sites (Lambro PP) (Zullini, 1976 (Zullini, , 1988 . Only the nematode presence/absence data were used. The significance of departure from random expectation was determined by comparison of the measured value of + with the values of the 1000 random selections of the same number of species from the total species pool (Clarke & Warwick, 1998) . The individual histograms ( + against frequency for the random selections) have been generated for the comparison with the measured values, and also the values for all studies have been combined into a single figure by plotting them as points on a confidence funnel (confidence intervals of + for a range of values for the number of species).
Results
Abiotic variables of the rivers Taro and Ticino are shown in Table 1 . The sampled stations in each river were not significantly different in water temperature, pH and conductivity; but the Taro shows a significantly higher conductivity (U -test, P < 0.01).
In the river Taro 6826 individuals (ind.) were counted. The mean abundance was 23 ind./10 cm 2 ranging from 9 in Taro 1 to 35 ind./10 cm 2 in Taro 3 ( Table 2 ). The minimum density occurred in October (6 ind./10 cm 2 ) and maximum in April (43 ind./10 cm 2 ) (Fig. 1 ). In the river Ticino, 28571 individuals were counted. The mean abundance was 79 ind./10 cm 2 ranging from 28 in Ticino 1 to 121 ind./10 cm 2 in Ticino 2 (Table 3 ). The minimum density occurred in August (2 ind./10 cm 2 ) and the maximum in November (238 ind./10 cm 2 ) (Fig. 1 ). There were no significant differences between total number of individuals both in each sampling sites and in the two rivers.
The commonest species in Taro 1 was Eumonhystera dispar (46% of all nematodes), followed by Eumonhystera vulgaris (14%). In both Taro 2 and 3 the most abundant species were Chromadorina bioculata (71 and 82%, respectively) followed by Eumonhystera dispar (7 and 4%, respectively). The commonest species in the Ticino was Chromadorina bioculata (about 70% of all nematodes), followed by Eumonhystera dispar (9%) and Tobrilus helveticus (9%) ( Table 4) . In Taro 1 bacterial feeders are dominant (75% of the nematode population), whereas they are less abundant in Taro 2 and Taro 3 (23% and 9%, respectively), where unicellular eukaryote feeders are significantly (multiple range test, P < 0.05) dominant (73% and 82%, respectively). By contrast, in the Ticino, where unicellular eukaryote feeders dominate (73% of total nematodes), there were no significant differences (multiple range test, P > 0.05) among the sampling sites. The ecological parameters of the rivers Taro and Ticino are listed in Tables 2 and 3. The MI was significantly different among sampling sites in the Taro (Table 2 ): in particular, MI was significantly lower in Taro 1 (multiple range test, P < 0.05). In the Ticino all the variables were similar in all the sampling sites.
Since the atypical mountain station, Taro 1, is very different from all the other stations, this has been excluded from comparisons; only the middle and lower stretches of the two rivers have been analysed. The number of species and the diversity index d were significantly higher in the river Taro than in the river Ticino (t-test, P < 0.01) ( Table 5) . Predators were more common in the Ticino (mean 8%) than in the Taro (mean 1%) (Table 5) .
Possible relationships between number of nematodes, MI and abiotic parameters studied were investigated using Spearman rank correlation coefficients (Table 6 ). In the river Taro MI and percentage of unicellular eukaryote feeders showed a positive correlation with conductivity (P < 0.01); the opposite holds for bacterial feeders (P < 0.01). In the river Ticino, the percentage of predators showed a positive correlation with temperature (P < 0.01), whereas the total number of nematodes showed a negative correlation with pH (P < 0.01). All the data of the two Italian rivers are presented as points on the 95% confidence funnel in Fig. 2 . Two points occur close to the mean value of + (at 83): the unpolluted part of the rivers Seveso (Seveso U) and Taro. For the unpolluted part of the river, we show the first two stations where COD < 21, %O 2 > 83, and µS < 307 (see Zullini, 1976) . Five points fall within the 95% confidence limits: Oglio, Adige, Ticino, Po and the polluted part of the river Seveso (Seveso P). All the Lambro sites fall below the 95% confidence limits: the unpolluted and polluted sites (Lambro U and P) occur close to the border-line of the lower 95% confidence limit of the simulate distribution; the very polluted sites (Lambro PP) is remote from the border-line of the 95% confidence limit.
Discussion
This study confirm that total numbers of nematodes and their density in lotic systems vary greatly, depending on sampling methods and on different mesh size. In some rivers the nematodes density varied between ten nematodes/10 cm 2 (Hummon et al., 1978) to 250 nematodes/ 10 cm 2 (Palmer, 1990; Traunspurger, 2000) . The yearly mean abundance of nematodes both in the Taro river with 23 individuals/10 cm 2 and in the Ticino river with 79 individuals/10 cm 2 lies within this range. In general, there is no uniform pattern of temporal dynamics of nematodes density in running waters: in the river Taro, the highest abundance of nematodes was (Hoffmänner, 1914) + + + 9 9 9 found in April, whereas in the Ticino the maximum value was in November. Other authors reported a maximum during spring and summer (Beier & Traunspurger, 2003a) or in autumn and winter (Strayer & O'Donnell, 1992) . Robertson (2000) concludes that high water temperature and favorable hydraulic conditions in summer and autumn may result in maximum densities. This assumption is confirmed by the results of this study. In both rivers there was a dominance of unicellular eukaryote feeders; within this group the family Chromadoridae (mainly the genus Chromadorina) is important. These nematodes consume mainly diatoms and other algae; the reason of the high density of unicellular eukaryote feeders, and in particular the abundance of the family Chromadoridae in both rivers, may be due to the substrate types (stony bottom and cobblestones) that are favourable for algae attachment. A large proportion of bacterialfeeders nematodes can indicate a polluted site like the Seveso river (Zullini, 1976) , or a site with a limestone bed unfavourable for algae attachment (Zullini, 1974; Eisenmann et al., 1998; Beier & Traunspurger, 2003a) . The most common family in Taro 1 was Monhysteridae. Eumonhystera was the only genus comprising more than one species (see also Beier & Traunspurger, 2003b) .
There are only a few studies available which provide insight into the abiotic factors that regulate the distribution of nematodes species in running water (Ocaña, 1991a (Ocaña, , b, 1992 Bazzanti, 2000; Beier & Traunspurger, 2003a, b) . In Taro River the conductivity seems to be a significant abiotic factor. There was a positive correlation with the percentage of unicellular eukaryote feeders and a negative correlation with the percentage of bacterial-feeders and MI. These results are in contrast to the results obtained in the river Ticino and with those of Beier and Traunspurger (2003a, b) , who found no apparent relationship between the distribution of the nematodes and the conductivity. In the river Taro the conductivity is lower near the source and rises in stations 3 and 5. Conductivity is correlated with the abundance of nutrients and with the abundance of algae. In these sites there was a good substrate (stones and rocks) for attachment of algae. In the river Ticino, instead there was a negative correlation between pH and the total number of nematodes and a positive correlation between water temperature and predators. In summary, it is not possible to predict the composition and the distribution of nematodes species due to specific habitat conditions. In general, nematodes are tolerant of a wide range of very different conditions. The usefulness of nematodes in biomonitoring studies of freshwater habitats has been shown by several nematologists (Hirschmann, 1952; Zullini, 1976; Ocaña & Picazo, 1991; Beier & Traunspurger, 2003a, b) . In order to measure the degree of aquatic pollution by interpreting nematode communities, the relative abundance of the Secernentea and Adenophorea, the Maturity Index and the diversity and dominance patterns have all been used (Zullini, 1976; Zullini & Peretti, 1986; Bongers & Ferris, 1999; Bazzanti, 2000) . Warwick and Clarke (1995) defined two biodiversity indices ( and * ), capturing the structure not only of the distribution of the abundances amongst species but also the taxonomic relatedness of the species in each sample. In the special case of data consisting only of information on the presence/absence of each species, the two previous indices merge to give the same statistic + , namely the Taxonomic Distinctness Index, which is defined as the average taxonomic path length between any two randomly chosen species, traced through a Linnean or phylogenetic classification of the full set of species involved (Clarke & Warwick, 1998) . For practical comparisons these indices are not dependent, on average, on the degree of sampling effort involved in the data collection. This is of particular interest for historic species lists from different localities or regions. Furthermore, a random test is possible (Clarke & Warwick, 1998) to detect a difference in the + for any observed set of species, from the expected + value derived from a master species list for the relevant group of organisms. This leads to a 'confidence funnel' against which + values for any specific area, habitat type, pollution condition etc. can be checked and addresses the question of whether a locality has a lower than expected average taxonomic spread. The + was applied to data on freshwater marine nematodes (Clarke & Warwick, 1998 , 1999 and on fish communities (Rogers et al., 1999) . In this study we compare the data on freshwater nematodes from seven Italian rivers. The results suggest that the taxonomic distinctness of the nematodes from environmentally degraded locations is reduced in comparison with that of more unpolluted sites. This result confirms that the Lambro river is polluted (Zullini, 1988) ; all the three sites have a low + value. The other Italian rivers are in relatively good conditions; indeed they are within the 95% confidence funnel (Fig. 2) .
In conclusion, it is known that the density and the composition of nematodes vary widely across different habitats. In general, nematode density and their numbers tend to be lower in running waters than in soil or in marine water. However, the causes of variation are not fully understood. The distribution of nematodes species, the abundance of unicellular eukaryote feeders both in the river Ticino and in two stations of the river Taro, the abundance of bacterial-feeders in the first station of the river Taro and in other running waters seem to be typical for lotic nematode communities. Abiotic conditions in summer and in autumn seem to be favourable for density maxima.
The river Ticino seems to be characterised by a relative hydrological stability, with attenuation but not elimination of the peak floods and low waters. The presence of Lake Maggiore upstream guarantees a biological load of phytoand zooplankton as a source of energy for meiofauna community. In the river Taro these conditions are completely absent, in fact a great hydrological instability is observed in this river, with spates in spring and autumn and very low discharge in summer and winter.
The measure of taxonomic distinctness reflects the effects of both the ecological and evolutionary mechanisms which determine taxonomic composition. Our data confirm that this index is also a useful measure of biodiversity for freshwater free-living nematodes.
